Voltage-gated K ϩ (Kv) channel accessory (␤) subunits associate with pore-forming Kv ␣ subunits and modify the properties and/or cell surface expression of Kv channels in heterologous expression systems. There is very little presently known, however, about the functional role(s) of Kv ␤ subunits in the generation of native cardiac Kv channels.
V oltage-gated K ϩ (Kv) channels control the amplitudes and durations of myocardial action potentials, and in most cells, multiple Kv channel types are expressed. 1 Over the last decade, considerable progress has been made in characterizing the properties of myocardial Kv channels and in defining the roles of individual Kv channel pore-forming (␣) subunits in the generation of these channels. 1 In mouse ventricular myocytes, for example, four kinetically distinct Kv currents, I to,f , I to,s , I K,slow , and I ss have been identified. 2 The fast transient outward K ϩ current, I to , f , is encoded by members of the Kv4 subfamily, 3 and Kv1.4 underlies I to,s . 4 In addition, I K,slow has been shown to reflect the expression of two molecularly distinct components, I K,slow1 and I K,slow2 . [5] [6] [7] [8] The 4-aminopyridine-sensitive component of I K,slow , I K,slow1 , is encoded by Kv1. 5, 5, 6 whereas the tetraethylammoniumsensitive component, I K,slow2 , is encoded by Kv2.1. 7, 8 The molecular identity of I ss remains to be determined.
A number of Kv channel accessory subunits, including MinK/MIRPs, 9 Kv ␤s, 10 KChAP, 11 KChIPs, 12 and DPPX, 13 have also been identified and suggested to play roles in the generation of functional Kv channels. First identified in brain in association with Kv1 ␣ subunits, 14 the Kv ␤ subunits are cytoplasmic proteins with sequence homology to aldo-keto reductases. 15 There are three Kv ␤ subunit genes, KCNAB1, KCNAB2, and KCNAB3, and each is alternatively spliced to generate (Kv␤ 1.x , Kv␤ 2.x , and Kv␤ 3.x ) proteins with unique N termini. 10 The C-terminal "core" domains, which mediate interaction with the tetramerization (T1) domain of Kv1 ␣ subunits, 16 are similar. The interaction between Kv1 ␣ and Kv ␤ subunits occurs in the endoplasmic reticulum early in channel biosynthesis 17 and results in increased trafficking of assembled Kv1-encoded channels to the plasma membrane. Association with Kv ␤ subunits also modulates the properties of Kv1 channels. 10 Members of the Kv␤ 1 subfamily (and Kv␤ 3.1 ) have long N termini that function, similar to the Shaker K ϩ channel inactivation gate, 18 to mediate fast inactivation. Although originally thought to be Kv1 ␣ subfamilyspecific, 19 in heterologous systems, Kv ␤ subunits also interact with Kv ␣ subunits in other subfamilies, 20, 21 as well as with KChAP. 22 The experiments in this study were undertaken to explore directly the role of Kv␤ 1 in the generation of functional myocardial Kv channels and to test the specific hypothesis that Kv␤ 1 plays a role in the generation of mouse ventricular I to,s (Kv1.4) 4 or I K,slow1 (Kv1.5) 5,6 channels. Electrophysiological experiments on ventricular myocytes isolated from mice bearing a targeted disruption of the Kv␤ 1 gene (Kv␤ 1 Ϫ/Ϫ ), however, reveal that I to,f densities are decreased and I K,slow2 densities are increased compared with the current densities in wild-type cells. Neither of the Kv1␣ subunit-encoded currents are altered in Kv␤ 1 Ϫ/Ϫ myocytes. In addition, biochemical studies reveal that the deletion of Kv␤ 1 results in decreased membrane expression of Kv4.3 and increased membrane expression of Kv2.1. These results demonstrate that Kv␤ 1 differentially regulates the functional cell surface expression of mouse ventricular I to,f and I K,slow2 channels.
Materials and Methods
Animals used in the studies here were handled in accordance with The Guide for the Care and Use of Laboratory Animals (National Institutes of Health), and all protocols were approved by the Washington University Animal Studies Committee. The generation of the Kv␤ 1 Ϫ/Ϫ mice (S.P. Kwak and K.J. Rhodes, unpublished data) and all of the methods used in the present study have been described previously, 2, 6, 24, 25 and further details can be found in the expanded Materials and Methods in the online data supplement available at http://circres.ahajournals.org.
Results

Kv ␤ Subunit Expression in Adult Mouse Ventricles
The intron-exon structure of the mouse Kv␤ 1 (mKCNAB1) gene is illustrated in Figure 1A . The open reading frame comprises 14 exons, and alternative splicing occurs in exon 1 to produce three distinct Kv␤ 1 messages, mKv␤ 1.1 , mKv␤ 1.2 , and mKv␤ 1.3 , which on translation, yield Kv␤ 1 subunit proteins with unique N termini ( Figure 1B ). To examine the expression profiles of the Kv␤ 1 subunits in adult mouse ventricles (and brains), PCR primers were designed against the common Kv␤ 1 core and against the unique N termini of Kv␤ 1.1 , Kv␤ 1.2 , and Kv␤ 1.3 . RT-PCR analyses revealed that the Kv␤ 1 core, as well as the Kv␤ 1.1 and Kv␤ 1.2 splice variants, are readily detected in wildtype (WT) ventricles ( Figure 2A ). Kv␤ 2.1 and Kv␤ 3.1 are also expressed in WT ventricles, whereas no Kv␤ 1.3 is detected. In adult mouse brain, all three Kv␤ 1 splice variants, Kv␤ 2.1 and Kv␤ 3.1 are expressed ( Figure 2A ).
RT-PCR analysis of extracts from Kv␤ 1 Ϫ/Ϫ ventricles and brains revealed that none of the Kv␤ 1 splice variants nor the Kv␤ 1 core is detected (Figure 2A ), consistent with the loss of Kv␤ 1 . In contrast, both Kv␤ 2.1 and Kv␤ 3.1 are present in Kv␤ 1
Ϫ/Ϫ ventricles/brains ( Figure 2A ). In WT mouse ventricles, the Kv␤ 1.1 and Kv␤ 1.2 proteins, as well as Kv␤ 2 , are readily detected ( Figure 2B ). In contrast, neither Kv␤ 1.1 nor Kv␤ 1.2 is detected in Western blots of ventricular or brain lysates from Kv␤ 1 Ϫ/Ϫ animals ( Figure 2C ).
Functional Consequences of the Targeted Disruption of Kv␤ 1
To examine the functional consequences of the targeted disruption of KCNAB1, telemetric ECG recordings were obtained from WT and Kv␤ 1 Ϫ/Ϫ animals. As evident in the representative recordings in Figure 3A , the morphologies of the QRS complexes and P waves are similar in WT and Kv␤ 1
Ϫ/Ϫ animals. There were no significant differences in the durations of the QT, PR, QRS, or RR intervals in WT and Kv␤ 1 Ϫ/Ϫ mice (online Table OS1 , available in the online data supplement). MeanϮSEM heart rates of WT and Kv␤ 1 Ϫ/Ϫ animals are indistinguishable, and corrected QT (QTc) intervals in Kv␤ 1 Ϫ/Ϫ (52Ϯ1 ms; nϭ12) and WT (47Ϯ1 ms; nϭ11) animals, therefore, are not significantly different (online Table OS1 ). Analysis of the ECG records obtained from Kv␤ 1 Ϫ/Ϫ animals during 48 hours of continuous monitoring also revealed no evidence of rhythm disturbances (not illustrated).
The similarities in QT (QTc) intervals in Kv␤ 1 Ϫ/Ϫ and WT animals suggested that repolarization is not affected significantly by the targeted disruption of Kv␤ 1 . Consistent with this hypothesis, action potential waveforms in LVA myocytes isolated from Kv␤ 1 Ϫ/Ϫ and WT hearts are not significantly different ( Figure 3B ): meanϮSEM APD 90 in WT and Kv␤ 1 Ϫ/Ϫ LVA myocytes were 17.1Ϯ1.5 ms (nϭ8) and 15.5Ϯ4.0 ms (nϭ9), respectively (online Table OS1 ).
Voltage-Gated K ؉ Currents Are Altered in Kv␤ 1 ؊/؊ Ventricular Myocytes
As illustrated in Figure 4A , whole-cell voltage-gated K ϩ (Kv) currents recorded from WT and Kv␤ 1 Ϫ/Ϫ LVA myocytes are similar. No differences in peak Kv current (I peak ) densities are observed ( Figure 4B ). At ϩ40 mV, for example, meanϮSEM I peak densities were 50.9Ϯ1.9 (nϭ42) and 47.1Ϯ1.7 pA/pF (nϭ68) in WT and Kv␤ 1
Ϫ/Ϫ LVA myocytes, respectively (Table) . Nevertheless, visual inspection of the records suggested that Kv current waveforms in Kv␤ 1 Ϫ/Ϫ and WT LVA myocytes are distinct. Kinetic analysis of the decay phases of the currents indeed revealed that I to,f densities in Kv␤ 1
Ϫ/Ϫ
LVA myocytes are significantly (PϽ0.01) lower than in WT LVA myocytes ( Figure 4C ). At ϩ40 mV, for example, meanϮSEM I to,f densities were 25.3Ϯ1.4 and 21.0Ϯ0.9 pA/pF in WT and Kv␤ 1
Ϫ/Ϫ LVA myocytes, respectively. The voltage dependence of I to,f activation and the kinetic properties of I to,f in Kv␤ 1
Ϫ/Ϫ and WT LVA myocytes are similar (Table) . Steady-state inactivation of I to,f , however, is shifted by ϷϪ10 mV in Kv␤ 1
Ϫ/Ϫ LVA myocytes (Table) . Analysis of the Kv currents ( Figure 4A ) also revealed that meanϮSEM I K,slow density is significantly (PϽ0.01) higher in Kv␤ 1
Ϫ/Ϫ , than in WT LVA cells ( Figure 4D ). At ϩ40 mV, for example, meanϮSEM I K,slow densities in Kv␤ 1 Ϫ/Ϫ and WT LVA cells were 19.1Ϯ0.9 and 15.9Ϯ0.7 pA/pF, respectively (Table) . Is s densities are similar in Kv␤ 1 Ϫ/Ϫ and WT LVA cells ( Figure 4E and Table) . Although I K,slow densities are increased, the kinetics of I K,slow inactivation and recovery from inactivation are similar in Kv␤ 1 Ϫ/Ϫ and WT LVA myocytes (Table) . The voltage-dependence of I K,slow inactivation, however, is also shifted (PՅ0.05) by ϷϪ10 mV in Kv␤ 1 Ϫ/Ϫ , compared with WT (nϭ12) LVA myocytes (Table) .
Targeted Disruption of Kv␤ 1 Reduces I to,f and Augments I K,slow2
It has been demonstrated previously that Kv current components can be separated pharmacologically. 2,4 -6,8 Mouse ventricular I to,f , for example, is selectively reduced by nmol/L concentrations of Heteropodatoxin-2/3 (HpTx-2/3), whereas I K,slow is attenuated preferentially by 4-AP and TEA. [5] [6] [7] [8] Subsequent experiments, therefore, were focused on quantifying the effects of the targeted disruption of Kv␤ 1 on I to,f and I K,slow . Consistent with the kinetic analysis, the density of the 100 nmol/L HpTx-3-sensitive current is decreased significantly (PϽ0.01) in Kv␤ 1 Ϫ/Ϫ LVA myocytes ( Figure 5A ). Previous studies have demonstrated that mouse ventricular I K,slow reflects the expression of two molecularly distinct components. The mol/L 4-AP-sensitive component of I K,slow , I K,slow1 , is encoded by Kv1.5, 5,6 and the mmol/L TEA-sensitive component, I K,slow2 , is encoded by Kv2.1. 7, 8 To determine whether I K,slow1 and/or I K,slow2 is affected by the targeted disruption of Kv␤ 1 , the effects of 50 mol/L 4-AP-and 5 mmol/L TEA were determined and compared. No significant differences in the densities of the 50 mol/L 4-AP-sensitive I K,slow1 were observed, whereas the density of the 5 mmol/L TEA-sensitive current, I K,slow2 , is significantly (PϽ0.01) higher in Kv␤ 1
Ϫ/Ϫ (nϭ12), than in WT (nϭ8) LVA myocytes ( Figure 5B ). Neither the voltage-dependences nor the kinetics of I K,slow1 or I K,slow2 activation or inactivation are measurably affected by the elimination of Kv␤ 1 .
Similar experiments were completed on isolated myocytes from the septum of WT (nϭ12) and Kv␤ 1 Ϫ/Ϫ (nϭ8) hearts and identical results were obtained: I to,f densities are reduced and I K,slow2 densities are increased in Kv␤ 1 Ϫ/Ϫ , compared with WT, septum cells. Similar to the findings for the Kv1.5encoded I K,slow1 channels ( Figure 5B) , the densities and properties of the Kv1.4-encoded I to,s channels are unaffected by the targeted disruption of Kv␤ 1 . All values are meanϮSEM. n indicates no. of cells studied; inact , time constants of current inactivation; V 1/2 act, voltage at half (50%) activation; V 1/2 inact, voltage at half (50%) inactivation; recov , time constants of recovery from inactivation. *Pϭ0.05, **Pϭ0.01 (WT vs Kv␤ 1 Ϫ/Ϫ ). 
Properties of Voltage-Gated K ؉ Currents in WT and Kv␤
Kv␤ 1 /Kv ␣ Subunit Interactions in Adult Mouse Ventricles
In heterologous expression systems, it has been demonstrated that Kv ␣ and ␤ subunits associate. 17, 19 To determine whether Kv␤ 1 subunits interact directly with Kv ␣ subunits in adult mouse ventricles, immunoprecipitations using a Kv␤ 1.1specific monoclonal antibody were performed. As illustrated in Figure 6 , the anti-Kv␤ 1.1 antibody reliably immunoprecipitates Kv␤ 1.1 . Western blot analysis also revealed that Kv␤ 1.2 , Kv4.2, and Kv4.3 coimmunoprecipitate with Kv␤ 1.1 ( Figure  6 ). In addition, there is very little Kv4.2 or Kv4.3 remaining in the supernatants, suggesting that most of the Kv4.2 and Kv4.3 coimmunoprecipitate with Kv␤ 1.1 (Figure 6 ). In previous studies, we demonstrated that another Kv channel accessory subunit, KChIP2, 12 coimmunoprecipitates with Kv4.2 and Kv4.3, 24 consistent with a role for KChIP2 in the generation of cardiac I to,f channels. As would be expected, KChIP2 also coimmunoprecipitates with the anti-Kv␤ 1.1 antibody (online Figure OS1 , available in the online data supplement).
In contrast to the findings with Kv4.2, Kv4.3, and KChIP2, neither Kv1.5 nor Kv2.1 coimmunoprecipitates with Kv␤ 1.1 ; both Kv1.5 and Kv2.1 are found only in the supernatants ( Figure 6 ). Similar results were obtained using an anti-Kv␤ 1.2 -specific antibody. Parallel immunoprecipitation experiments using anti-Kv1.5 and anti-Kv2.1 antibodies revealed that, although both reliably immunoprecipitate the targeted (Kv1.5 or Kv2.1) proteins, neither Kv␤ 1.1 nor Kv␤ 1.2 was detected in the immunoprecipitated samples (not illustrated). In addition, immunoprecipitations with the anti-Kv␤ 1.1 antibody, followed by Western blot analysis with antibodies targeted against two additional Kv ␣ subunits of the Kv1 subfamily, Kv1.2 and Kv1.4, that are also expressed in adult mouse ventricles, 4 revealed that neither Kv1.4 nor Kv1.2 appears to associate with Kv␤ 1.1 (online Figure OS2 ). Both Kv1.2, which is of unknown function, and Kv1.4, which encodes I to,s , 4 are found in the supernatants after immunoprecipitations with anti-Kv␤ 1.1 (online Figure OS2 ).
Targeted Disruption of Kv␤ 1 Alters the Membrane Expression of Kv ␣ Subunits
Similar to other accessory subunits, 11, 12 Kv␤ subunits have chaperone-like effects, regulating the cell surface expression of Kv ␣ subunit-encoded K ϩ channels. 10, 17 Consistent with a chaperone function, Western blot analysis revealed that Kv4.3 membrane expression is decreased significantly (PՅ0.01) and that Kv2.1 membrane expression is increased significantly (PՅ0.001) in Kv␤ 1 Ϫ/Ϫ ventricles (Figure 7) . Given that Kv␤ 1 subunits do not appear to interact directly with Kv2.1 (Figure 6 ), these results suggest that Kv␤ 1 exerts an indirect effect on mouse ventricular Kv2.1 expression. There are no significant differences in Kv1.5 membrane expression in WT and Kv␤ 1 Ϫ/Ϫ ventricles (Figure 7 ).
Discussion Targeted Disruption of Kv␤ 1 Attenuates Mouse Ventricular I to,f
The results presented here demonstrate that I to,f densities are markedly reduced in Kv␤ 1 Ϫ/Ϫ ventricular myocytes. The biochemical studies demonstrate that Kv4.2 and Kv4.3, as well as Kv␤ 1.2 , coimmunoprecipitate with Kv␤ 1.1 , and that the targeted disruption of Kv␤ 1 results in decreased membrane expression of Kv4.3. It has been reported previously that the K ϩ channel interacting protein, KChIP2, binds to Kv4 ␣ subunits and modulates the properties of Kv4-encoded K ϩ currents. 12 In addition, KChIP2 coimmunoprecipitates with Kv4.2 and Kv4.3, results interpreted as suggesting that functional mouse ventricular I to,f channels reflect the heteromeric assembly of Kv4.2, Kv4.3, and KChIP2. 25 In heterologous systems, Kv4-encoded currents are modulated by coexpression of a variety of Kv accessory subunits, including Kv␤ 1.2 , 20 Kv␤3, 21 MiRP1, 26 KChAP, 22 DPPX, 13 as well as by NCS1, 27 the voltage-gated Na ϩ (Nav) channel ␤ 1 subunit, 28 and the scaffolding protein, PSD-95. 29 Coexpression with Kv␤ 1 or Kv␤ 3 , for example, increases the cell surface expression of Kv4.3-encoded channels, 21 whereas coexpression with Kv␤ 1.2 modulates the properties, but not the expression, of Kv4.2-encoded channels. 20 In addition, biochemical studies have revealed that Kv␤ 1 subunits associate with Kv4 ␣ subunits in COS-1 cells, 21 as well as in (rat) brain. 30 The results presented here suggest that Kv␤ 1 subunits contribute to the generation of mouse ventricular I to,f channels by influencing the membrane expression of Kv4.3. The Kv␤ 1 C terminal "core" domain has been shown to interact with Kv1 ␣ subunit N terminal T1 domains, 16 and recent studies suggest that Kv4 ␣ subunit N termini structurally resemble Kv1 T1 domains. 31 It seems reasonable to suggest, therefore, that the Kv4.3 N terminus may be important in mediating the interaction with Kv␤ 1 . The N termini of Kv4 ␣ subunits also interact with KChIPs, 12, 31 suggesting that these domains are multifunctional, mediating ␣ subunit interactions and association with KChIP, as well, perhaps, as with Kv␤ 1 subunits. It has also been reported, however, that Kv␤ 1 subunits regulate the expression of Kv4.3-encoded K ϩ channels in HEK-293 cells through interactions with the C, not the N, terminus. 21 Although the biochemical data presented in this study demonstrate that Kv4.3, as well as Kv4.2 and Kv␤ 1.2 , coimmunoprecipitate with Kv␤ 1.1 , it is possible that the interactions between these subunits are indirect, mediated, for example, by other cytoplasmic accessory subunits, such as KChAP, 22 the KChIPs, or through scaffolding proteins 29 or components of the cytoskeleton. 32, 33 Interestingly, however, recent studies suggest that I to,f is also reduced in LVA myocytes isolated from mice in which only the N terminal Kv␤ 1.1 inactivation domain is removed, suggesting that the N-terminal domain of Kv␤ 1.1 mediates the interaction with Kv4 ␣ subunits. Clearly, further studies will be necessary to provide detailed insights into the mechanisms involved in regulating the interactions between Kv␤ 1 and Kv4 ␣ subunits and the roles of these interactions in controlling the functional cell surface expression of mouse ventricular I to,f channels.
Targeted Deletion of Kv␤ 1 Augments Mouse Ventricular I Kslow,2
Because Kv ␤ subunits have long been thought to interact specifically with ␣ subunits of the Kv1 subfamily, 19 the working hypothesis at the outset here was that Kv␤ 1 likely associates with Kv1.5 and/or Kv1.4 and participates in the generation of mouse ventricular I K,slow1 and/or I to,s . No measurable effects on mouse ventricular I K,slow1 or I to,s , however, were evident in Kv␤ 1 Ϫ/Ϫ myocytes. In addition, the biochemical data suggest that (mouse) ventricular Kv␤ 1 does not associate with either Kv1.5 or Kv1.4. The results presented in this study, therefore, suggest that Kv␤ 1 subunits do not function as accessory proteins in the generation of mouse ventricular I K,slow1 or I to,s channels. The lack of association between Kv1.5 and Kv␤ 1.1 in adult mouse ventricles was unexpected given the previous findings that Kv␤ subunits associate with Kv1.5 in human heart. 22 Comparison of the amino acid sequences of mouse and human Kv1.5 reveals nearly 90% sequence identity (online Figure OS3 ). The greatest sequence divergence is in the N termini of these proteins, and future experiments, focused on determining the role(s) of these amino acid differences in the regulation of interactions with Kv␤ 1 subunits, are clearly warranted to define the molecular basis of these disparate experimental observations.
Unexpectedly, the experiments here revealed that I K,slow2 densities and the membrane expression of Kv2.1 are increased in Kv␤ 1
Ϫ/Ϫ ventricles. The biochemical data, however, do not suggest direct interaction(s) between Kv2.1 and Kv␤ 1.1 (or Kv␤ 1.2 ), at least in adult mouse ventricles. These results are consistent with previous studies that have failed to identify any interactions between Kv␤ 1 and Kv2.1 in (rat) ventricle 22 or brain. 30 The possibility that Kv␤ 1 subunits might play an indirect role in the regulation of Kv2.1 channels, however, is suggested by the observation that Kv␤ 1.2 suppresses the modulatory effects of KChAP on Kv2.1-encoded K ϩ current expression in Xenopus oocytes. 22 The upregulation of I K,slow2 and Kv2.1 membrane expression demonstrated here suggest that endogenous Kv␤ 1 is a negative modulator of functional mouse ventricular I K,slow2 channel cell surface expression. Taken together, the results also strongly suggest that, in vivo, additional proteins (possibly KChAP 22 ) are involved in the generation of I K,slow2 channels.
Relationship to Previous Studies
Myocardial Kv currents control action potential repolarization and, thus, regulate ventricular diastole. In the diseased myocardium and in experimental (animal) models of cardiac disease, Kv currents are reduced, resulting in increased action potential durations and QT intervals. The attenuation of functional transient 3 or delayed rectifier 5, 7, 8 Kv currents in mouse ventricles is also associated with action potential and QT prolongation. The fact that action potential waveforms and QTc intervals in Kv␤ 1 Ϫ/Ϫ and WT myocytes/animals are indistinguishable likely reflects the fact that I to,f and I K,slow2 densities are differentially affected by the loss of Kv␤ 1 , ie, the increase in I K,slow2 appears to compensate for the decrease in I to,f .
Although functional Kv channels were once thought to reflect the simple tetrameric association of Kv ␣ subunits from the same subfamily, a number of Kv accessory subunits and other regulatory proteins are now thought to participate in the generation of native Kv channels. Indeed, several lines of evidence suggest that accessory subunits are required to recapitulate in vitro the properties of native Kv currents. 12, 13, 24 The role of Kv␤ 1.1 has been examined previously in studies on mice lacking Kv␤ 1.1 only (Kv␤ 1.1 Ϫ/Ϫ ). 34 Phenotypic characterization of these mice suggested impaired learning and memory, and electrophysiological studies on Kv␤ 1.1
Ϫ/Ϫ CA1 pyramidal neurons revealed that action potentials are prolonged and after-hyperpolarizations are reduced. 34 Voltage-clamp recordings demonstrated a decrease in the amplitude of the rapidly activating and inactivating Kv current, I A , in isolated Kv␤ 1.1 Ϫ/Ϫ CA1 cells. 34 Although these observations were interpreted as reflecting a change in the rate of inactivation of an A current encoded by Kv1.4, 34 this seems unlikely given that considerable evidence now suggests that Kv4 ␣ subunits encode neuronal I A channels. 35, 36 Interestingly, the decrease in I A in Kv␤ 1.1
Ϫ/Ϫ CA1 neurons is accompanied by an increase in the sustained outward K ϩ current, I SO , 34 which likely is encoded by Kv2.1. 37 It would clearly be interesting to determine whether the changes in I A and I SO densities reflect changes in the membrane expression of Kv4.x and/or Kv2.1 subunits in CA1 neurons.
The results presented here demonstrate that Kv␤ 1 participates in regulating the functional cell surface expression of native myocardial I to,f and I K,slow2 channels. Future experiments, using short interfering silencing RNAs (siRNAs) specific for Kv␤ 1.1 (or Kv␤ 1.2 ) in WT ventricular myocytes or expression of K␤ 1.1 (or Kv␤ 1.2 ) in Kv␤ 1 Ϫ/Ϫ ventricular myocytes will provide insights into the specific role of these splice variants in the regulation of I to,f and I K,slow2 channels. In these, as in future studies focused on exploring the detailed molecular mechanisms controlling the functional cell surface expression of cardiac Kv channels and the specific role(s) of Kv␤ 1 subunits, the Kv␤ 1 Ϫ/Ϫ mice will be very useful.
